4k 




PAT-NO: 


JP409325165A 


DOCUMENT-IDENTIFIER: JP 093251 65 A 


TITLE: 


MEASURING METHOD FOR PIEZOELECTRIC CONSTANT 


PUBN-DATE: 


December 16, 1997 


INVENTOR-INFORMATION: 
NAME 

OJI, HIROSHI 


ASSIGNEE-INFORMATION: 
NAME 

MITSUBISHI ELECTRIC CORP 


COUNTRY 


N/A 


APPL-NO: JP081 42031 
APPL-DATE: June 4, 1996 


INT-CL (IPC): G01R029/22, H01L041/00 


ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain an easy and accurate measuring 
method for a 

piezoelectric constant at a low cost by impressing voltage in a layered 
measuring body and deforming .and detecting the displacement of refle ction light 
due to the deformation, with a photoelectric element. 

SOLUTION: A laser beam generated by a laser source 1 is introduced to the 
surface of a measuring body 3 fixed with a holding jig 2. The angle of the jig 
2 is controlled so that the laser beam reflected on the surface of the 
measuring body 3 comes in the center of a photoelectric element 5. Then the 
element 5 is moved for a certain degree with a piezoelectric element 6 and the 
c hange in t he q uantity of light at that moment Is measured to be a calibrati on 
value. When voltage is impressed in the measuring body with a function ■ 
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generator 4. the measuring body 3 is deformed -and ^ o nu l tnnt l y. th a-g nant i t y nf 
light on the light receiving surface of the eleme nt 5 c hanges. In the next , 
the distortion of the measuring~T5ody is obtained witn using a calibration 
"value. Byj^iafoo^he-dtstortto measuring body 3 with the impressed 

voltageTapiezoelectric constant is opined. 
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NOTICES 


Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is alike and relates to the piezoelectric- J 
constant measuring method of piezoelectric material ' 
[0002] 

[Description of the Prior Art] In recent years, advanced features of the device using piezoelectric 
material and a miniaturization are advanced, and lithography technology is increasingly used into the 
manufacturing process. Although the former and piezoelectric material pasted up and used bulk material 
for the structure in connection with this, the distance which makes the piezoelectric material of a thin 
film put on the structure directly by introduction of lithography technology is proposed. The 
piezoelectric constant of such a thin film material is measured using interference of light, for example, is 
indicated by Journal of Applied Physics 75, 442, and 1994 etc. 

[0003] Drawing 15 is drawing showing the composition of the conventional piezoelectric-constant 
measuring device indicated by the aforementioned reference. For a photodetector and 22, as for digital 
lock-in amplifier and 24, in drawing, a feedback system and 23 are [ the mirror / body / measured ] 
which a beam splitter and 19 accompanied and, as for 20, the piezoelectric device accompanied / 16 / a 
laser oscillation machine and 17 / in a condenser lens and 18, and 21 / a computer and 25 / DC power 
supplies. 

[0004] Next, operation is explained. The laser beam oscillated from the laser cavity 16 is divided into 
two laser beams by the beam splitter 18, one is applied and reflected in the front face of the measured 
body 19 inside, and remaining one beam is reflected by the mirror 20. In quest of the variation rate of 
measured body 19 front face, the piezoelectric constant has been obtained by making it interfere, the 
beam reflecte d on measured body 19 front face which deformed with the ap plied voltage of DC power 
supply 25, and the beam, Le.„ same beam as the time ot an oscillation, reflected by the mirror 20, 
carrying out incidence to a photodetector 2 1, and measuring the interference fringe made on this 
photodetector 21 . Thus, by the conventional measuring method, the minute variation rate of a measured 
body surface is measured using the interference effect of light, and it aims at improving resolution. 
[0005] 

[Problem(s) to be Solved by the Invention] Since the conventional piezoelectric-constant measuring 
method was made as mentioned above, various optics, a metering device, and amplifier were needed, 
and it had the trouble of becoming an expensive measuring device. Moreover, since the interference 
effect of light was used, the light reflected by the measured body surface needed to hold the coherency, 
and also had the trouble that the front face of the measured body had to be in a perfect mirror-plane 
state. Furthermore, when voltage was impressed to the measured body for measurement and the 
substrate deformed, there was also a trouble that the variation rate of the measured body and 
deformation of a substrate were undistinguishable. 

[0006] It was made in order that this invention might solve the above troubles, and it is cheap, is easy 
and aims at acquiring an accurate piezoelectric-constant measuring method. 
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[0007] 

[Means for Solving the Problem] The piezoelectric-constant measuring method concerning this 
invention A substrate, a lower electrode, a measured material, Voltage i s made to imp ress and deform 
between the vertical two electrodes of the measured bo dy w hich comes to carry out a laminating to the 
order o f an up electrode . It is the piezoelectnc-constant measuring method which irradiates a beam of 
^light at the aforementioned measured b ody, receives the reflected light by the photoelectric elemen t, and 
measures a piezoelectric constant, and the aforementioned photoelectric element detects the position 
variation of the reflected li ght by the aforementioned d eformation, and the piezoelectric constant of the 
'aforementioned measured material is computed from tnis aetecuon value and the value of the 
aforementioned applied voltage. 

[0008] Moreover, the aspect ratio of the measured body is 2.5 or more. 

[0009] Moreover, the measured body is constituted so that it may be held free [ attachment and 

detachment into the guide slot established in the maintenance fixture ]. 

[0010] Moreover, t he measured body is established on the substrate. 

[001 1] Moreover, tFuTbeam of light which has the wavelength which penetrates a substrate is irradiated 

from a substrate side, and is reflected by the lower electrode. 

[0012] Moreover, the thickness of a substrate is 500 micrometers or less. 

[0013] Moreover, each area of a substrate, a measured material, and vertical two electrodes is the same. 
[0014] Moreover, a substrate is the quality of the material which can penetrate a beam of light. 
[0015] 

[Embodiments of the Invention] 

One gestalt of implementation of this invention is explained below gestalt 1 . of operation. Drawing 1 is 
drawing showing the equipment for enforcing the piezoelectric-constant measuring method by the 
gestalt 1 of operation of this invention. As for the function generator for the maintenance fixture for the 
laser light source for 1 irradiating a beam of light at the measured body and 2 holding the measured 
body in drawing and 3 impressing the measured body to the measured body 3, and 4 impressing voltage, 
the photoelectric element to which 5 receives the reflected light, the piezo-electric element by which 6 
was attached in the photoelectric element 5, and 7, amplifier and 8 are personal computers. In addition, 
between the measured body 3 and a photoelectric element 5, a sufficiently long distance is secured and 
the variation rate of the minute measured body can be measured by the high accuracy of measurement. 
Although the distance of the measured body 3 and a photoelectric element 5 changes with the intensity 
of a laser light source, and surface states of the measured body, it is l-3m place, for example. 
[0016] Drawing 2 is drawing showing the maintenance fixture for holding the measured body. In 
drawing, in 9, an up maintenance fixture and 10 show a lower maintenance fixture, and 1 1 shows the 
screw for maintenance. The measured body is inserted between the up maintenance fixture 9 and the 
lower maintenance fixture 10, and fixes the end of the measured body 3 by tightening the screw 1 1 
arranged on three places. And each of the maintenance fixture 2, a laser light source 1, and a 
photoelectric element 5 is being fixed on the vibrationproofing base (not shown). 
[0017] Next, operation is explained. First, incidence of the laser beam generated by the laser light source 
1 is carried out to the front face of the measured body 3 fixed with the maintenance fixture 2. The angle 
of the maintenance fixture 2 is adjusted so that the laser beam reflected on the front face of the measured 
body 3 may come in the center of a photoelectric element 5. Next, by the piezo-electric element 6, it is 
and constant-rate movement of the photoelectric element 5 is carried out, and change of the quantity of 
light at that time is measured, and it considers as calibration value. If voltage is impressed to the 
measured body 3 by the function generator 4, the measured body 3 will deform into it and the quantity 
of light on the light-receiving side of a photoelectric element 5 will change to it in connection with this. 
It asks for distortion of the measured body using the aforementioned calibration value, and a 
piezoelectric c onstant is obtained by **(ing) d istortion of the measured body 3 with applied voltage. 
[0018J Next, tne relation between the movement magnitude ul the lasei beam on a photoelectric element - 1 
5 and the piezoelectric constant of the measured body is explained in order based on drawing. In 
addition, suppose the gestalt of this operation that bimorph type bulk piezoelectric material is used as a 
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measured material. Drawing 3 is drawing having shown geometrically the reflective direction of the 
laser beam accompanying the deformation of the measured body of a piezoelectric-constant measuring 
method and it by the gestalt 1 of this operation. The reflective laser beam before an incidence laser beam 
deforms 12 and the measured body deforms 13 in drawing, Radius of curvature when, as for the 
reflective laser beam after the measured body deforms 14, and r, voltage is impressed to the measured 
body, The variation from which the distance from the laser radiation position on the measured body to a 
photoelectric element 5 and **S were followed L on the distance from the fixed end of the measured 
body to a laser beam irradiation position, 1 was followed on deformation of the measured body, and the 
position of a laser beam changed on the photoelectric element, and 2xi show the angle which the laser 
beam before and behind deformation of the measured body makes. As compared with **S, as for 1, the 
relation as which it is indicated by the following formula since it is sufficiently large is realized here. 
Sin(2xi)=2xi ... (1) 

From the geometric relation shown in drawing 3 to therefore, **S=1-Sin(2xi) =land2xi ... (2) 

[0019] Drawing 4 is drawing showing the geometric physical relationship near the measured body. In 
drawing, y shows the amount of deflections of the measured body in a measuring point. Since length L 
from the fixed end to a measuring point is large enough as compared with the amount y of deflections in 
a measuring point Sin(xi/2) =xi/2 ... (3) 

An unrelated relation is realized. Therefore, it bends and is an amount y. y=L-Sin(xi/2) = L-xi / 2 ... (4) 
It can come out and express. (2) If xi of a formula is substituted for (4) formulas y=Land**S / 41. ... (5) 
********** T hat ft bends by measuring **S and an amount y can be obtained. 
[0020] Drawing 5 is drawing explaining the deformation when impressing voltage to the measured 
body. The measured body consists of bulk piezoelectric material of two sheets from which polarity 
differs, and a deformation state when drawing. 5. (a) receives the state before voltage impression and, as 
for (b), the bulk piezoelectric material of two sheets receives applied voltage, and (c) show the 
deformation state when joining the bulk piezoelectric material of two sheets shown in (b). In drawing, 
when R rivals the radius of curvature in a neutral plane and a makes the bulk piezoelectric material of 
two sheets rival, i.e., made it change from drawing 5 (b) to (c), the distance from the field where the 
length of piezoelectric material does not change to a neutral plane, and H show the thickness of the 
whole bulk piezoelectric material. In addition, a neutral plane means the field which does not have 
change of length before and after deformation here. 

[0021] As shown in drawing 5 (c), when it deforms, it is distortion epsilon in the position of a from a 
neutral plane. Epsilon=a/R=E/H-d ... (6) 

It can come out and express. Here, the voltage and d which impress E to the measured body are a 
piezoelectric constant. 

[0022] Drawing. 6 shows the deformation state when fixing the end of bulk piezoelectric material shown 
in drawm2„5 (c). In drawing 6 , X shows the distance from the fixed end and Y shows the amount of 
deflections in the position of Distance X from the fixed end. The amount Y of deflections Y=X2 / 2R ... 
(7) 

It can come out and express. (6) If the radius of curvature R in a formula is substituted for (7) formulas 
Y=(X2andE-d)/(2a-H)...(8) 

[0023] As shown in drawing 5 (c), in case the piezoelectric material of two sheets from which polarity 
differs is joined, when the thickness of cement is small enough as compared with the thickness of 
piezoelectric material a=H/3 ... (9) 

**********. If the aforementioned (9) formula is substituted for a of the aforementioned (8) formula 

Y=(3X2 and E-d)/2H2 ... (10) 
********** 

[0024] (5) Since the amount y of deflections of a formula is equal to the amount Y of deflections of (10) 
formulas and the distance L from the fixed end of (5) formulas is equal to the distance X from the fixed 
end of (10) formulas, if it asks for a piezoelectric constant d from (5) formulas and (10) formulas d= 
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(**S-H2)/(6 L-UE) ... (11) 

********** xhat is, a piezoelectric constant d can be obtained by measuring travel **S of the laser 
beam on the photoelectric-element side accompanying the voltage impression to the measured body. 
However, since **S is a minute variation rate, it does not measure the length of **S directly in fact, and 
computes **S from change of the quantity of light on a photoelectric element. 

[0025] Next, the measurement method of **S is explained. Drawing 7 shows the photoelectric element 
used with the gestalt of this operation. As shown in (a), a photoelectric element consists of two 
independent elements, A and B, and obtains the output (voltage) proportional to the optical intensity of 
the beam of light which hit on Element A and the Bth page. The photoelectric element is wired so that it 
may become the output of an output = photoelectric element of output-B of A beforehand. First, as 
shown in (a), initial setting is performed so that the center of a beam of light may come to the boundary 
of Elements A and B. In this state, a laser beam spot serves as a bilateral symmetry focusing on the 
boundary line of Elements A and B, and the output obtained from a photoelectric element serves as zero. 
Next, as shown in (b), 17 micrometers of photoelectric elements are moved compulsorily. If it carries 
out like this, the balance of a laser beam spot on either side will collapse, and will be set to output !=0 of 
output-B of A. If the output at this time is set to Ev (V), an output when the variation rate of 1 
micrometer arises will be set to Ev/17. Next, voltage is impressed to a measured material and the output 
of the obtained photoelectric element is set to M (V). Since the travel of the laser beam on the 
photoelectric-element side at this time is **S, an output when the variation rate of 1 micrometer arises is 
set to M/**S, and the following relations are realized. 
Ev/17=M/**S ... (12) 

(12) It is **S=17 M/Ev when a formula is solved about **S. ... (13) 
********** **g j s com p U table as mentioned above. 

[0026] Next, the concrete example of an experiment by the method of the gestalt this operation is 
shown. The laminating of the measured body used with the gestalt of this operation is carried out to the 
order of a lower electrode, a measured material, and an up electrode, and that on which put 
Au:0.1micrometer and nickel :0.9micrometer as an electrode, and it put two bimorph type bulk 
piezoelectric material with a length of 20mm, a width of face [ of 5mm ], and a thickness of 0.25mm as 
covering and a measured material was used (junction layer thickness is 0.02mm). Moreover, the laser 
beam was irradiated from the fixed end in the position of 13.6mm, using the wavelength of 633nm, and 
the helium-Ne laser of 5mW of outputs as a laser light source 1. Moreover, voltage impressed to the 
vertical two electrodes of the measured body was made into the frequency of 0.1Hz, and the triangular 
waveof**5V. 

[0027] Drawing 8 is drawing having shown the result measured by the piezoelectric-constant measuring 
method by the gestalt 1 of this operation, change of the quantity of light on the photoelectric-element 
side when (a) using an installation ****** piezo-elec tric element for a photoelectric element and . 
^moving 17 micrometers of photoel £CtliQj|e ^nt ancf ( b) Show c FTan ge of th e quantity of 

Jight on th e photoelectric-el e ment side when impos ing voltag e to the measured body, resp ectively In 
drawing, Ev and M mention above and express the output ot a photoelectric element. 
[0028] When it asked for the piezoelectric constant of a measured material from the electromechanical 
coupling factor and the dielectric constant using the technique used from the former, the piezoelectric 
constant d was 77x10-12 m/V. On the other hand, when asked for the piezoelectric constant d from the 
result of drawing. 7 obtained using the piezoelectric-constant measuring method of this invention, it was 
76x10-12 m/V. 

[0029] Coincidence with very sufficient value calculated from the electromechanical coupling factor 
used from the former as the technique of asking for a piezoelectric constant and value calculated by this 
invention was obtained, and it turns out that the measuring method of this invention is appropriate. 
[0030] With the gestalt 1 of the gestalt 2. above-mentioned implementation of operation, although 
bimorph type bulk piezoelectric material was used for a measured material, in the gestalt of this 
operation, a thin film material is used for a measured material, and the case where the thing which made 
this form on a substrate is measured is explained. 
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[003 1] First, a relation with the piezoelectric constant d of measured-value **S and a measured material 
is explained. Timoshenko's relational expression is realized about bending of a compound board like the 
above-mentioned measured body which forms a thin film in a substrate and grows into it. 
sigma=(Esub and t2)/(6 (1-nusub) and r-dt) ... (14) 

Setting at a ceremony, t is basis board thickness and Esub. The Young's modulus of a substrate, and 
nusub The POWASON ratio of a substrate and dt show the thickness of a measured material, and r 
shows the curvature of a substrate. 

[0032] If a deflection shall originate only in expansion and contraction by the electrostriction lambda of 

a thin film sigma=(Esub and t2)/(6 (1-nusub) and r-dt) =Ef and lambda ... (15) 

********** it se t s a t a ceremony and is Ef. The Young's modulus of a measured material is shown. 

[0033] The relation between Electrostriction lambda, applied voltage E, and a piezoelectric constant d is 

lambda=E-d/dt. ... (16) 

It becomes. 

[0034] The relation between curvature r and measured-value **S is r=21.L/**S from above-mentioned 
drawing 3 . ... (17) 
It becomes. 

[0035] (15) When (16) formulas and (17) formulas are substituted for a formula and it solves about d, it 

is d=(Esub, t2, and **S)/(Ef and E-l-L, 12 (1-nusub)). 

...(18) 
$$$$$$$$$$ 

[0036] Therefore, it can ask for the piezoelectric constant d of a measured material by measuring travel 
**S of the laser beam on a photoelectric-element side. However, the Young's modulus of the Young's 
modulus of a substrate, a POWASON ratio, and a measured material is needed. In addition, it can ask 
for **S like the method of the gestalt 1 the above-mentioned implementation. 
[0037] Next, the concrete example of an experiment by the method of the gestalt this operation is 
shown. Si substrate with a thickness of 0.25mm - Ti03 which is [ Pt/Ti ] a measured material on 0.05- 
micrometer covering and this lower electrode about 0. 1 micrometers and Ti in Pt by vacuum deposition 
as a lower electrode (Pb, La) The thing which made 1 micrometer put by sputtering and made the up 
electrode put like the aforementioned lower electrode further on this measured material was used. The 
applied voltage from the fixed end to 17.95mm and the measured body 3 of the incidence position of a 
la ser beamlsT hefregupnc y of 0 1 5 H 7 . and the sine, wave of **3V. and the rest measured th e 
piezoelectric c o n ntn nt d o f a m ft a s urnrl mntrrinl \ \ \:r ihr gr s tnlt 1 of fo n n**™"* rnnntinn^H 
imp leme ntation 

[0038] Drawing 9 is drawing having shown the result measured by the piezoelectric-constant measuring 
method by th e gestalt ? of tfr* operation f>angp of the quantity of light on a photoelectric-element side 
when (a) move s 17 micrometers of photoelectric elements compulsorily using a piezo-electric element. 
and (b) show rhangf^f th< * quantity nf light o nj the photoelectric-element side when impressing volt age 

~tcrthe measured bodyTrespectively. In drawing. Ev and M mention above and express the output ot a 
photoelectricel ement. When asked for the pieT^fel^ctdc-constant d of a measured material from the__ 

^result of d rayylng 8 1 1 .91x10-12 m/V was obtained.^ 

[0039] Gestalt 3. drawing 10 of operation is the maintenance fixture 15 which established the guide slot 
in the measured body fixed side of the up maintenance fixture 9 shown by above-mentioned drawing 2 . 
As shown in drawing, a position is certainly equipped with a sample by preparing a guide slot shallower 
than the thickness of the measured body. Furthermore, since the longitudinal direction of the measured 
body is always kept horizontal, the accuracy of measurement can be raised. 

[0040] With the gestalt of gestalt 4. book implementation of operation, the piezoelectric constant of a 
measured material was measured like the gestalt 1 of the above-mentioned implementation in the gestalt 
2 of the above-mentioned implementation by irradiating a substrate side to a laser beam to the 
semiconductor laser light source of the InGaAsP system which has the wavelength which penetrates the 
silicon which is substrate material, and reflecting a laser beam by the lower electrode made to cover 
between a substrate and a measured material. Thereby, a piezoelectric constant can be measured, 
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without being influenced by the surface state of a measured material. 

[0041] With the gestalt of gestalt 5. book implementation of operation, in the gestalt 4 of the above- 
mentioned implementation, the device was made to put on the measured body and the piezoelectric 
constant of a measured material was measured in the state of the device made on the state of the 
completed device, or the silicon substrate. Thereby, where the measured body is actually applied to a 
device, the piezoelectric constant of a measured material can be measured and the piezoelectric-constant 
measuring method of this invention can be used as the inspection method of a product. 
[0042] With the gestalt of gestalt 6. book implementation of operation, the length of the measured body 
cut down from the same lot is set constant 20mm in the gestalt 1 of the above-mentioned 
implementation. Four kinds of measured bodies which set width of face to 3mm, 5mm, 8mm, and 10mm 
were produced^a pplied voltage to the measured body was made into the sine wave of **5V, and the _ 
piezoelectric constant was measured like the gestalt 1 ot tne above-mentioned implemen tation. 
[0043] Drawing j 1 is drawing showing the measurement result by the piezoelectric-constant measuring 
method of the gestalt 6 of implementation of this invention. When the width of face of the measured 
body is larger than 8mm (i.e., when the aspect ratio of the measured body in every direction is smaller 
than 2.5), it turns out that the result measured using the method of this invention has brought a different 
^^h— -result from piezoelectric-constan t d=77xl0-12 m/V of a measured mat erial. 

[0044] In case this derives the above-mentioned (10) formula, it is because distortion of the cross 
direction of the measured body is disregarded, and when an aspect ratio becomes small, it is because the 
crosswise amount of distortion becomes of the same grade as the amount of distortion of a longitudinal 
direction, deformation of the cross direction affects deformation of a longitudinal direction and it 
becomes impossible to express the amount Y of deflections in the position of X with the aforementioned 
(10) formula from the fixed end. Therefore, by setting up so that the aspect ratio in every direction may 
become four or more preferably 2.5 or more, the distorted influence of a longitudinal direction can be 
disregarded, uniform deformation of the measured body is obtained, and the configuration of the 
measured body can raise the accuracy of measurement. However, it is not this limitation when using the 
correction factor about a configuration. 

[0045] With the gestalt of gestalt 7. book implementation of operation, the length of the measured body 
cut down from the same lot is set constant 20mm in the gestalt 1 of the above-mentioned 
implementation. Two kinds of measured bodies which set width of face to 3mm and 10mm were 
produced, applied voltage to the measured body was made into the sine wave of **5V by having made 
distance from the fixed end of a laser beam to an irradiating point into the parameter, and the 
piezoelectric constant was measured like the gestalt 1 of the above-mentioned implementation. 
[0046] Drawing 12 is drawing showing the relation of the piezoelectric constant of a piezoelectric- 
constant measuring method and beam-of-light irradiation position (measuring point) by the gestalt 7 of 
implementation of this invention. In above-mentioned drawing..] 0 , although the measured body with a 
width of face of 3mm shows the fixed piezoelectric constant regardless of the measuring point, the 
measured body with a width of face of 10mm shows the value from which a piezoelectric constant 
differs by the measuring point. 

[0047] It turns out that it is desirable that the aspect ratio of the measured body is large also from the 
above result. However, if such a big value that it is close to the fixed end is shown, a correlation with a 
measuring point is seen and the piezoelectric constant which the measured body with a width of face of 
10mm shows uses a correction factor from drawing 1 1 , measurement is possible, using the method of 
this invention also with the measured body of a small aspect ratio. 

[0048] Gestalt 8. drawing 13 of operation is drawing showing the relation between the beam-of-light 
movement magnitude on the photoelectric element of the piezoelectric-constant measuring method by 
the gestalt 8 of implementation of this invention, and silicon machine board thickness. In addition, in 
2x10-12 m/V and the beam-of-light irradiation position, the applied voltage from the fixed end to 15mm 
and the measured body performed thickness of a measured material by 1 micrometer, and the 
piezoelectric constant performed it by IV. As shown in drawing, movement magnitude **S of the beam 
of light on a photoelectric element is small rapidly as a silicon substrate becomes thick. If silicon 
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machine board thickness becomes larger than 500 micrometers, **S will be set to 1 micrometer or less, 
and it becomes difficult to secure sufficient accuracy of measurement. Therefore, by setting preferably 
500 micrometers or less of thickness of a substrate to 200 micrometers or less, the deflection of the 
substrate by deformation of a measured thin film material can increase, the movement magnitude of the 
beam of light on a photoelectric-element side can become large, and the accuracy of measurement can 
be raised. 

[0049] With the form of form 9. book implementation of operation, in the form 1 of the above- 
mentioned implementation, a measured material with a length [ of 24mm ] and a width of face of 8mm 
was started from the same lot, the measured body into which the electrode configuration was changed 
was produced, applied voltage to the measured body was made into the sine wave of **5V, and the 
piezoelectric constant was measured like the form 1 of the above-mentioned implementation. 
[0050] Drawing 14 is drawing showing the measurement result by the piezoelectric-constant measuring 
method of the gestalt 9 of implementation of this invention. The slash section in drawing shows an 
electrode configuration. A big difference cannot be checked if the piezoelectric constant of what 
shortened the electrode length of a longitudinal direction, and the tiling which the electrode has put all 
over a measured material is compared as shown in drawing. On the other hand, if the piezoelectric 
constant of what shortened the crosswise electrode length, and the thing which the electrode has put all 
over a measured material is compared, the big difference to measured value is seen and the piezoelectric 
constant when a crosswise electrode is short shows the small value. 

[0051] From the above result, when the crosswise electrode length is smaller than the width of face of a 
measured material, the amendment to this is needed. Therefore, in order to have raised the accuracy of 
measurement, when electrode area, measured material area, and substrate area are made the same and 
voltage is impressed to a measured material, it is necessary to obtain uniform deformation. Namely, 
although an electrode is needed all over a measured material, when making an electrode put all over a 
measured material, as for a measured material, a vertical inter-electrode short circuit may occur in a thin 
film, therefore a material edge. Therefore, by using vacuum deposition etc., the electrode material put 
comes flying with sufficient directivity, and needs to be formed. 

[0052] With the gestalt of gestalt 10. book implementation of operation, the substrate used for the 
measured body of the gestalt 2 of the above-mentioned implementation was changed into the glass 
substrate which a helium-Ne laser beam with a wavelength of 633nm can penetrate, the laser beam was 
irradiated from the substrate side, and the piezoelectric constant of a measured material was measured 
like the gestalt 1 of the above-mentioned implementation. A laser beam can be irradiated from a 
substrate background and it can be made to reflect by the lower electrode between a substrate and a 
measured material by using that to which the wavelength of a laser beam can penetrate the quality of the 
material of the substrate of the measured body. Therefore, since the uniform reflected light reaches a 
photoelectric element, without being influenced of the surface state of the measured body, the accuracy 
of measurement can be raised. 
[0053] 

[Effect of the Invention] As mentioned above, according to invention according to claim 1, make 
voltage impress and deform between the vertical two electrodes of the measured body, irradiate a beam 
of light at the measured body, and the refl ected light is received by the photoelectric element. Since a 
photoelectric element detects the position variation of the reflected light by the aforementioned 
deformation and the piezoelectric constant of a measured material is computed from this detection value 
and the value of applied voltage, although the accuracy of measurement is high and the measurable 
range is large, eye an easy hatchet and the effect which can measure a piezoelectric constant cheaply are 
acquired for composition. 

[0054] Moreover, according to invention according to claim 2, since the aspect ratio of the measured 
body is 2.5 or more, deformation of the cross direction of the measured body can be disregarded and the 
effect which can measure a piezoelectric constant with a sufficient precision is acquired. 
[0055] Moreover, since according to invention according to claim 3 the measured body was constituted 
so that it might be held free [ attachment and detachment into the guide slot established in the 
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maintenance fixture ], physical relationship of the measured body and a maintenance fixture can be 
realized with sufficient repeatability, and the effect that the accuracy of measurement improves is 
acquired. 

[0056] Moreover, according to invention according to claim 4, since the measured body is established 
on the substrate, the effect that a thing [ like a thin film material ] whose measured material is can also 
measure a piezoelectric constant is acquired. 

[0057] Moreover, since according to invention according to claim 5 the beam of light of the wavelength 
which penetrates a substrate is irradiated from a substrate side and reflected by the lower electrode, the 
effect which can measure a piezoelectric constant is acquired, without receiving influence in the surface 
state of the measured body. Moreover, the effect which can measure a piezoelectric constant with the 
completed device form is also acquired. 

[0058] Moreover, according to invention according to claim 6, since the thickness of a substrate is 500 
micrometers or less, the variation rate of the laser beam on a photoelectric element becomes large, and 
the effect which can measure a piezoelectric constant with a sufficient precision is acquired. 
[0059] Moreover, according to invention according to claim 7, since each area of a substrate, a measured 
material, and vertical two electrodes is the same, expansion and contraction start with the whole 
measured body by impression of voltage, and the effect which can measure a piezoelectric constant is 
acquired, without using a special correction factor. 

[0060] Moreover, the effect which can measure a piezoelectric constant is acquired, without being 
influenced of the surface state of the measured body, since a substrate is the quality of the material 
which can penetrate a beam of light according to invention according to claim 8. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Voltage is made to impress and deform between the vertical two electrodes of the measured 
body which comes to carry out a laminating to the order of a lower electrode, a measured material, and 
an up electrode. It is the piezoelectric-constant measuring method which irradiates a beam of light at the 
aforementioned measured body, receives the reflected light by the photoelectric element, and measures a 
piezoelectric constant. The piezoelectric-constant measuring method characterized by for the 
aforementioned photoelectric element detecting the position variation of the reflected light by the 
aforementioned deformation, and computing the piezoelectric constant of the aforementioned measured 
material from this detection value and the value of the aforementioned applied voltage. 
[Claim 2] The aspect ratio of the measured body is a piezoelectric-constant measuring method according 
to claim 1 characterized by being 2.5 or more. 

[Claim 3] The measured body is a piezoelectric-constant measuring method according to claim 1 or 2 
characterized by constituting so that it may be held free [ attachment and detachment into the guide slot 
established in the maintenance fixture ]. 

[Claim 4] A piezoelectric-constant measuring method given in any 1 term of the claims 1-3 
characterized by establishing the measured body on a substrate. 

[Claim 5] The piezoelectric-constant measuring method according to claim 4 characterized by 
irradiating the beam of light which has the wavelength which penetrates a substrate from a substrate 
side, and reflecting it by the lower electrode. 

[Claim 6] The thickness of a substrate is a piezoelectric-constant measuring method according to claim 4 
or 5 characterized by being 500 micrometers or less. 

[Claim 7] A substrate, a measured material, a piezoelectric-constant measuring method given in any 1 
term of the claims 4-6 characterized by each area of vertical two electrodes being the same. 
[Claim 8] A substrate is a piezoelectric-constant measuring method given in any 1 term of the claims 4-7 
characterized by being the quality of the material which can penetrate a beam of light. 
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